To evaluate effects of acute loading of different proteins on renal function, glomerular filtration rate (GFR), albumin excretion rate (AER), and concentrations of plasma amino acids, 11 normal volunteers and 20 diabetic patients were studied before and after eating 1.0 g/kg body weight of either tuna fish meal or bean curd on separate days. In normal subjects, the mean baseline GFR was 115.8+9.5 ml/min/1.73 m2, and the mean GFRs after ingestion of tuna fish meal were 134.1± 15.5 (1 hr), 146.2 + 18.8 (2 hr), and 157.8±21.2 (3 hr), respectively. GFR did not significantly increase in normal subjects after ingestion of bean curd. GFR in diabetic patients with normoalbuminuria after ingestion of each protein was similar to the response in normal subjects. In diabetic patients with microalbuminuria, GFR did not significantly increase after ingestion of each protein. In diabetes with macroalbuminuria, GFR decreased after ingestion of tuna fish meal and did not significantly change after intake of bean curd. In both normal subjects and diabetic patients, urinary AER did not increase after each kind of protein loading. Plasma concentrations of alanine, glycine, and arginine, known to induce glomerular hyperfiltration, increased to a greater degree after ingestion of tuna fish meal than after administration of bean curd. These findings suggest that responses of GFR to acute protein loading may differ according to the amino acid composition of the protein ingested and to the stage of diabetic nephropathy. Diabetic nephropathy ; GFR ; glomerular hyperfiltration ; proteins of different sources ; composition of amino acids An elevated glomerular filtration rate (GFR) in uncomplicated type 1 (insulin dependent) diabetic patients has been confirmed for many years. As to the clinical significance of this phenomenon, Mogensen (1971 Mogensen ( , 1976 recently reported that glomerular hyperfiltration in type 1 diabetes with an early stage of diabetic nephropathy might play an important role in subsequent development of late diabetic nephropathy.
hyperfiltration remains to be elucidated, many factors such as glucose (Greene et al. 1987 ), ketone bodies (Trevisan et al. 1987 ), dietary protein (Bosch et al. 1983 (Bosch et al. , 1984 (Bosch et al. , 1986 Jones et al. 1985; Hostetter 1986 ; Dhaene et al. 1987) , and prostaglandins (Hommel et al. 1987) , have been thought to be implicated in the elevated GFR.
It was recently reported that a high-protein diet produced a significant increase in GFR and that low-protein alimentation might prevent the progression of renal failure (Giordano et al. 1986; Wiseman et al. 1987) . However, careful consideration should be given to low-protein alimentation, because it has also been reported that marked weight loss or hypoproteinemia was often observed in protein-restricted rats with renal failure (Motomura et al. 1988 ). Up to the present time animal proteins have been used mainly to study the effects of acute protein loading on renal function (Bosch et al. 1983 (Bosch et al. , 1984 (Bosch et al. , 1986 Hostetter 1986 ). This fact, together with the finding that low-protein alimentation may have the above-mentioned harmful side effects, led us to investigate whether diabetic nephropathy was influenced not only by the quantity but also by the quality of dietary protein.
In the present study, we examined the influence of fish meal protein and vegetable protein on renal function in patients with diabetic nephropathy. We also studied whether or not hyperfiltration induced by protein intake was different in relation to the stage of diabetic nephropathy.
SUBJECTS AND METHODS
The subjects comprised 11 healthy volunteers (eight twenty type 2 diabetic patients (10 males and 10 females). males and three females) and Before the protein loading test, TABLE 1. Clinical features in diabetic patients overnight urine samples were collected from all subjects, and the albumin concentrations were measured. Based on the albumin excretion rate (AER), the diabetic patients were divided into three groups : group A, AER <20 ,u g/min (normoalbuminuria, n = 8) ; group B, 20-200pg/min (micro-albuminuria, n=6) ; group C, >200,ug/min (macro-albuminuria, n = 6). Clinical data for these patients are summarized in Table 1 . One patient from group B had no diabetic retinopathy, but had retinal degeneration with a retinal hole.
Protein loading tests were performed in the fasting state. Subjects began the test by receiving oral hydration with 400 ml of water. Baseline and test GFRs were calculated from endogenous creatinine clearance. After measurement of the baseline creatinine clearance, the subjects ingested 1.0 g/kg body weight of protein in the form of cooked tuna fish meal or "tofu" (bean curd) with soy sauce. The composition of each test meal is shown in Table 2 . After protein loading, the sujects ingested 100 ml of water hourly. Urine volume was recorded, and creatinine and albumin concentrations in both urine and plasma were measured hourly and the AER was calculated. Plasma amino acid concentrations were also measured before and after protein loading. During the protein loading test, subjects were not administered insulin, oral hypoglycemic agents, diuretics or other drugs.
Measurements of albumin in urine were carried out by double antibody radioimmunoassay (RIA), according to a method previously reported (Ito et al. 1989 ). Serum albumin was TABLE 2. Composition of tuna fish meal and bean curd with soy sauce measured by laser nephelometry. Creatinine in urine and serum was measured by Folin's method. Plasma amino acid concentrations were measured by an auto analyzer (System 6300: Beckman, Tokyo). GFRs were always corrected for body surface area and were expressed per 1.73 m2. Body surface area was calcuated from height and weight. All data are expressed as mean values +s.n. Significance between the means was calculated using the Student's t-test.
RESULTS
The results of protein loading tests in the four grops of subjects are depicted in Tables 3 and 4 . In group N (healthy volunteers), GFR increased significantly (p <0.01) from 115.8+9.5 ml/min/1.73 m2 during the baseline period to 157.8+ 21.2 ml/min/1.73 m2 after ingestion of tuna fish meal. No significant differences were found between GFR before and after ingestion of bean curd. In group A, as in group N, GFR increased significantly (p <0.01) after ingestion of tuna fish meal, and no significant differences of GFR were observed before and after ingestion of bean curd. However, in group B no significant differences were seen between GFR before and after ingestion of tuna fish meal or bean curd. In group C, GFR decreased significantly (p <0.05) after intake of tuna fish meal (Fig. 1) . In all groups, no significant differences were observed between the baseline AER and that after loading with each kind of protein. In all groups, mean arterial pressure and blood glucose levels did not change during the study. The results of analysis of plasma amino acids are shown in Table 5 . In all gruops, almost all amino acids in plasma increased after intake of each protein. Many amino acids were more significantly increased after ingestion of tuna fish meal than after bean curd.
DISCUSSION
The present study showed that oral administration of tuna fish meal cause a significant increase of GFR in healthy volunteers and in diabetic patients with normoalbuminuria, whereas it did not affect the GFR in diabetic patients with micro-. or macroalbuminuria.
Furthermore, oral administration of bean curd did not affect the GFR of all subjects examined, although the protein content of bean curd had been adjusted to equal that of tuna fish meal. Therefore, the effects of protein administration on GFR may differ among patients with different stages of diabetic nephropathy and according to the different sources of proteins administered.
It has been reported that a high protein diet increased the GFR in healthy volunteers and in patients with various kinds of renal disease, including diabetic nephropathy (Bosch et al. 1983 (Bosch et al. , 1984 (Bosch et al. , 1986 Jones et al. 1985; Hostetter 1986; Dhaene et al. 1987 ) although it did not cause an increase of GFR in diabetic patients with micro-or macroalbuminuria (Bosch et al. 1986; Giordano et al. 1986 ). The high-protein diet in these studies consisted mainly of animal protein (Bosch et al. 1983 (Bosch et al. , 1984 (Bosch et al. , 1986 Hostetter 1986 ). Our present findings in the case of oral ingestion of tuna fish meal support the results of previous reports and further suggest that the effects of fish protein on GFR are idential to those of animal protein.
Some investigators have studied the effects of low-protein diet on diabetic nephropathy.
The authors repored that the progression of diabetic nephropathy might be prevented by low-protein alimentation, even in patients with massive proteinuria (Giordano et al. 1986 ). In the present study, oral administration of tuna fish meal did not increase the GFR in patients with micro-or macroalbuminuria.
This finding therefore suggests that the effect of a low-protein diet on diabetic nephropathy might be greater in patients with normal urinary albumin excretion than in those with abnormal urinary albumin excretion. However, a few important problems remain to be elucidated for establishment of therapy with Loads of Different Sources 159 a low-protein diet. For example, it has been reported that musclewasting and malnutrition were often observed associated with a low-protein diet (Kleinknecht et al. 1979 ). To resolve these problems, we tried to examine both the quantity and the quality of proteins. In the present study, acute administration of vegetable proteins, at least of those derived from soybeans, did not cause an increased GFR. It therefore appears that some vegetable proteins may be excluded from dietary protein restriction. What causes the difference in GFR changes after administration of both proteins ? It was reported that hyperglycemia (Greene et al. 1987 ) and hypertension (Cristensen et al. 1987) induced hyperfiltration. However, these two factors did not change during this study. Therefore, it was thought that difference of between changes after administration of both proteins was not related to blood glucose and blood pressure. It has been reported that infusion of branched-chain amino acids (BCAA) caused only a slight increase in GFR, whereas a mixture of nonessential and essential amino acids at the same volume induced a greater increase in GFR (Claris-Appiani et al. 1988). Because BCAA, such as valine, leucine, and isoleucine, are richer in bean curd than in tuna fish meal, the change in GFR may not be significant in healthy volunteers and in patients without abnormal AER after intake of bean curd. In contrast, intravenous administration of alanine, glycine, and arginine is known to increase GFR and the first two of these amino acids are more abundant in tuna fish meal than in bean curd. Thus, the different amino acid compositions of different protein may explain differences in GFR changes observed in the present study after intake of both proteins. In the analysis of plasma amino acids after administration of both proteins, these three of amino acids increased significantly after ingestion of tuna fish meal. The results support the concept mentioned above. Did the increase of plasma alanine, glycine, and arginine after ingestion of tuna fish meal cause the elevated GFR directly?
It is well known that infusion of alanine and arginine induced rise of plasma glucagon. Furthermore it has been reported that increase of plasma glucagon may cause the elevated GFR (Parving et al. 1985) . These findings led us to consider that increase of plasma glucagon after ingestion of tuna fish meal may induce the elvated GFR, though measurements of plasma glucagon were not undertaken in the present study.
The amino acid composition of tuna fish meal or bean curd are also same as those of other fish proteins or vegetable proteins, respectively. Therefore, it seems reasonable to consider that the similar results will be obtained after loads of fish proteins or other vegetable proteins. However, further study will be necessary to elucidate whether effect of loads non-cooked fish or soybean on renal function is the same as that of cooked tuna or "tofu", since cooked meals were used in this study.
Is the lack of significant change in GFR after soybean protein ingestion due only to the amino acid composition of bean curd? It has been reported that soybean protein was absorbed by rat intestine to a lesser degree than other proteins (Goldberg and Guggenheim 1962) . However, Hukuba (1984) reported that 96.9% of bean curd protein was absorbed in normal volunteers. Therefore, the lack of change and the enhanced levels of GFR after ingestion of bean curd and tuna fish meal, respectively, were not due to differences in the intestinal absorption of bean curd and tuna fish meal.
Although GFR in patients with normoalbuminuria increased after ingestion of tuna fish meal, no increase was observed in those with micro-or macroalbuminuria. Because some of the patients with micro-or macroalbuminuria had gastroparesis (Table 1) , the lack of change in thier GFR level after ingestion of tuna fish meal may be due to delayed absorption of food. However, the total gastric emptying time (GET) as determined ultrasonography (Kishi 1988 ) was less than 3 hr (upper limit of total GET in healthy volunteers was 2.46 hr) after test meal administration.
Thus, gastroparesis in patients with micro-or macroalbuminuria was not so severe. Furthermore, plasma amino acid analysis before and after tuna fish meal administration showed that several kinds of amino acids increased in patients with gastroparesis after tuna administration.
Therefore, it seems reasonable to assume that the lack of change in GFR in these patients was not caused by delayed absorption associated with gastroparesis.
The mechanisms that mediate the acute renal response to a protein or amino acid load are not well defined, although some authors have considered that this response in induced by glucagon (Parving et al. 1985) , a liver-derived renal vasodilator (Premen 1985; Dratwa et al. 1984 ) glomerulopressin (Alvestrand and Bergstrom 1984) , tobule-glomerular feedback (Seney and Wright 1985) , prostaglandins (Krishna et al. 1988 ). In the present study, the mechanism of this response was not elucidated, but the finding that loading a vegetable protein did not increase GFR might provide some clarification.
The present study showed that acute loading of fish protein induced glomerular hyperfiltration but did not increase the rate of urinary albumin excretion. However, the reason for the lack of alteration of AER in healthy volunteers and normoalbuminuric patients still remains unclear. This may be explained in patients with micro-or macro-albuminuria by the finding that glomerular hemodynamic factor in these patients was not influenced by administration of protein.
In the present study, GFR was evaluated on the basis of endogenous creatinine clearance. Some investigators have already reported the conduction of simultaneous inulin and creatinine clearance studies during a protein loading test and that the results obtained by both methods were comparable (Bosch et al. 1983 (Bosch et al. , 1984 Dhaene et al. 1987) . For this reason, we believe that the results of GFR found in our study are reliable.
